Abstract. According to the 2012 statistics of the International Agency for Research on Cancer (IARC), gastric cancer is the fifth most common malignancy, and the third leading cause of cancer-related deaths worldwide. Conventional chemotherapy and radiation have shown limited efficacy for advanced gastric cancer, showing an overall survival (OS) rate of ~10 months. Trastuzumab, a monoclonal antibody against human epidermal growth factor receptor 2 (HER2), is the first approved molecularly targeted agent for HER2-overexpressing gastric cancer, which was found to prolong the OS and the progression-free survival (PFS) of patients. However, HER2 overexpression is present only in a minority of patients with gastric cancer. Hence, other targeted agents are urgently needed. Ramucirumab, a novel human IgG1 monoclonal antibody that selectively targets the extracellular domain of VEGF receptor 2 (VEGFR2), is regarded as a new standard secondline treatment for patients with advanced gastric cancer. The combination of two or more targeted agents directed against two different molecular targets may improve the survival of patients with advanced gastric cancer. Although great efforts have been made, the effect of targeted therapy for gastric cancer is limited. One key reason is that participants in clinical trials for new targeted agents were not selected by detection of the targeted molecule. Here, we review clinical trials related to molecular targets such as anti-epidermal growth factor receptor signaling including anti-HER2 and anti-EGFR1, anti-VEGF signaling, anti-mammalian target of rapamycin (mTOR), tyrosine kinase inhibitors (TKIs) and anti-MET.
Introduction
Gastric cancer remains a major health burden across the globe. According to the 2012 statistics of the International Agency for Research on Cancer (IARC), it was estimated that almost one million new cases of gastric cancer were diagnosed in 2012 (952,000 cases, 6.8% of the total), making it the fifth most common malignancy worldwide after cancers of the lung, breast, colorectal and prostate. Gastric cancer is the third leading cause of cancer-related deaths in both genders worldwide (723,000 deaths, 8.8% of the total), and the third leading cause of cancer-related deaths in China (1) . Surgery is the only curative treatment strategy for relatively early staged gastric cancer, but for patients in an advanced stage, overall survival (OS) is poor at ~10 months for those who receive conventional chemotherapy. Chemotherapy is the most common therapy for advanced gastric cancer, but efficacy is limited. Targeted therapy, as a new strategy, may improve the survival of advanced gastric cancer patients. Here, we review the clinical trials related to targeted therapies for gastric
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cancer, such as anti-EGFR signaling including anti-human epidermal growth factor receptor 2 (HER2) and anti-EGFR1, anti-VEGF signaling, anti-mTOR, tyrosine kinase inhibitors (TKIs) and anti-MET.
Anti-EGFR signaling
The epidermal growth factor receptor (EGFR/HER1) belongs to a receptor tyrosine kinase protein family that includes HER2/neu, HER3 and HER4 (2) . When binding to ligands, EGFR family members form homodimers or heterodimers with different biological effects (3) . Activation of EGFR can lead to diverse cellular biological processes, including cell proliferation, migration, differentiation, survival and transformation (4, 5) . The EGFR signaling pathways have been found to be activated in many types of cancers, particularly head and neck, lung and colorectal cancer. In esophagogastric adenocarcinoma, EGFR overexpression has been reported in 27-55% of cases (6, 7) , and has been associated with reduced OS in various series (6, 8) . Hence, drugs targeting EGFR may be potential therapeutic targeted agents.
Trastuzumab. Trastuzumab is the first approved molecular targeted agent for gastric cancer patients. It is a monoclonal antibody against human EGFR2 (HER2; also known as ERBB2) by binding to the extracellular domain of the receptor. A well-known milestone-like phase III clinical trial was the Trastuzumab for Gastric Cancer (ToGA) trial. It enrolled 594 gastric cancer patients with HER2 overexpression, who were randomized to chemotherapy or chemotherapy in combination with trastuzumab (9) . Trastuzumab treatment showed an increased OS of 2.7 months, from 11.1 to 13.8 months [hazard ratio (HR)=0.74; p=0.0046]. Due to the results, the National Comprehensive Cancer Network (NCCN) guideline in 2013 referenced the results of the ToGA trial. The recent update of NCCN Guidelines Version 3.2015 Gastric Cancer clearly recommended that trastuzumab can be added to first-line chemotherapy for HER-neu overexpressing adenocarcinoma. The efficacy of combination treatment with trastuzumab and XELOX in the first-line therapy for 55 HER2-positive advanced gastric cancer patients in a phase II trial was studied in Korea (10) . The primary endpoint was the objective response rate (ORR), and secondary endpoints included progression-free survival (PFS), OS and toxicity. The ORR was 67% (95% CI, 54-80). The median PFS and OS were 9.8 months (95% CI, 7.0-12.6) and 21.0 months (95% CI, 6.4-35.7), respectively. The most common grade 3-4 toxicities included neutropenia (18%), anaemia (11%) and peripheral neuropathy (11%). The trial showed that a combination of trastuzumab and XELOX was well tolerated and was highly effective in patients with HER2-positive advanced gastric cancer. Similar results from a phase II trial in Singapore found that a combination of trastuzumab with S-1 and cisplatin demonstrated good activity, was well tolerated, and is a feasible treatment option in the firstline treatment of HER2-positive advanced gastric/gastric or gastroesophageal junction (GEJ) cancers (11) .
Pa n it u m u m a b. Pa n it u mu mab is a f u l ly hu ma n immunoglobulin G2 monoclonal antibody against EGFR, and it has been proven to bring survival benefits for advanced colorectal cancer patients (12 While the combination with panitumumab showed an increased incidence of grade 3-4 diarrhea, rash, mucositis and hypomagnesemia (13) . The patients in the trial were not selected by an immunohistchemistry test for EGFR expression.
A phase II trial to assess the efficacy and safety of panitumumab combined with docetaxel and cisplatin as a first-line treatment for advanced unresectable or metastatic GEJ adenocarcinoma (NCT01379807) is ongoing. The primary endpoint is ORR. The secondary endpoints include disease control rate (DCR), duration of response, time to response, time to progression and OS. The present study is not recruiting participants.
In order to ascertain whether panitumumab in combination with epirubicin, cisplatin and capecitabine (ECX) will safely decrease the frequency of pT3/T4 below that of ECX alone in locally advanced adenocarcinoma of the stomach and GEJ (stage uT/3 or 4 N0/ + and M0 disease evaluated by endoscopic ultrasound, spiral computed tomography of the chest, abdomen and pelvis and by laparoscopy in uT3/T4 tumors), an open label randomized controlled phase II trial of panitumumab in combination with ECX vs. ECX alone in locally advanced gastric cancer or cancer of the GEJ was conducted (NCT01234324). The primary endpoint was the frequency of pT3/T4 categories after surgery, and the secondary endpoint was the frequencies of pN2/N3 categories after surgery. The present study is ongoing, but not recruiting participants.
To study the effect of panitumumab when combined with docetaxel, cisplatin and fluourouracil (DCF), in previously untreated patients with advanced cancer of the stomach, a phase I/II, multicenter, single-arm clinical trial is ongoing (NCT01716546). The primary endpoint is ORR, secondary endpoints include PFS and OS. The present study is currently recruiting participants.
In order to assess the safety and efficacy of panitumumab in perioperative treatment for the esophagus and stomach, a pilot study of perioperative panitumumab with epirubicin, oxaliplatin and capecitabine (EOX) in patients with adenocarcinoma of the esophagus and stomach [AJCC stage II-IIIB (gastric) or IIA-IVA (esophageal), included M1a disease but not T4 lesions] was conducted (NCT00667420). The primary endpoint was safety and tolerability, and secondary endpoints were R0 resection rate, pathological complete response (pCR) and OS. The present study has been terminated due to slow accrual.
Cetuximab. Cetuximab is a monoclonal IgG antibody targeting EGFR through binding to the extracellular domain of EGFR in an inactive form and competes for receptor binding by blocking the ligand-binding region. In addition, it is used for the treatment of metastatic colorectal, metastatic non-small cell lung, and head and neck cancer. A prospective multicenter phase II trial of cetuximab was conducted in non-treated advanced gastric or GEJ adenocarcinoma. The ORR, median PFS and OS of cetuximab combined with cisplatin and capecitabine group was 53.2%, 5.2 and 10.8 months, respectively. The efficacy was correlated with the severity of skin rash and the TGF-α level, while EGFR overexpression may predict cetuximab efficacy (14) . An open-label randomized phase III trial (EXPAND) showed that the median PFS was 4.4 months (95% CI, 4.2-5.5) in a capecitabine-cisplatin plus cetuximab group and 5.6 months (95% CI, 5.1-5.7) in a capecitabine-cisplatin alone group (HR=1.09; 95% CI, 0.92-1.29; p=0.32). Hence, cetuximab could not bring additional benefit to advanced gastric cancer patients receiving chemotherapy in the first-line treatment (15) .
Results from the REAL3 and EXPAND trials suggested that the anti-EGFR antibody could not provide additional benefit for advanced gastric cancer patients, but brought worse results. The reason may be that the anti-EGFR antibody could not interact with the chemotherapy in gastric cancer. In addition, in the EXPAND trial the EGFR immunochemistry (IHC) score was not correlated with the efficacy. (16) . No differences in the occurrence of toxic and side-effects between the two groups were observed. Although this study indicated that nimotuzumab combined with DCF plan is effective for late stage gastric cancer, a large number of participants are needed.
Nimotuzumab
To assess the efficacy and safety of the addition of nimotuzumab to cisplatin and S-1 (CS) chemotherapy in patients with previously untreated advanced gastric adenocarcinoma, a single-center, randomized, open-label, parallel-group, controlled phase II clinical trial (NCT02370849) was conducted. Sixty-two patients were randomly assigned (1:1) to each group. The control regime was CS chemotherapy and the observed regimen was nimotuzumab plus CS. The primary outcome was ORR, and the secondary outcomes were time to progression (TTP), PFS, treatment safety and toxicity. The present study has been completed. Results are expected.
As we know, when patients fail from the first-line regimen containing a 5-fluorouracil and platinum-based agent, second-line chemotherapy agents should include a irinotecanbased regimen. A randomized, open-label, Japan-Korea collaborative phase III study to compare the efficacy of a combination therapy of nimotuzumab and irinotecan vs. irinotecan monotherapy as second-line treatment in EGFRoverexpressing advanced or recurrent gastric and GEJ cancer, who failed from the first-line regimen contained a 5-fluorouracil-and platinum-based agent is underway (NCT01813253). Approximately 400 subjects will be randomized in a 1:1 ratio to receive irinotecan (control group) or nimotuzumab and irinotecan (combination group). The primary endpoint is OS, and secondary endpoints are PFS, ORR, DCR and incidence of adverse events. The present study is currently recruiting participants.
Anti-VEGF signaling
Tumor-associated neovascular, generated by the process of angiogenesis, supply the requirement of sustenance in the form of nutrients and oxygen as well as an ability to evacuate metabolic wastes and carbon dioxide (17) . Angiogenesis is now considered as one of the hallmarks of cancer progression (18) . Tumor angiogenesis is mediated by tumor-secreted angiogenic growth factors (such as VEGF and bFGF) that interact with their surface receptors expressed on endothelial cells. Activation of VEGF includes ligand binding to the extracellular domain of transmembrane tyrosine kinase receptor which induces the autophosphorylation of an intracellular kinase domain and then subsequent downstream signaling by kinases (17) . At present antiangiogenic therapy is an attractive modality for preventing the development of malignant neoplasms (19) .
Bevacizumab. Bevacizumab is a humanized IgG1 monoclonal antibody directed against VEGF, preventing the binding to receptors thereby inhibiting the VEGF/VEGF receptor signaling pathway (20) . A phase II study of capecitabine, oxaliplatin and bevacizumab for the treatment of metastatic esophagogastric adenocarcinoma was conducted (21) . Thirty-five patients were evaluable for efficacy. Median PFS and OS were 7.2 and 10.8 months. The response rate (RR) was 51.4%. The expected drug-related toxicities of the regimen were tolerable. In the trial, the NRP2 mRNA levels were found to be significantly correlated with PFS (p=0.042) and showed a trend toward significance with OS (p=0.051).
The AVAGAST trial of a combination bevacizumab with cisplatin and capecitabine in 774 patients demonstrated an improvement in PFS and RR, but failed to meet its primary endpoint of OS (22) . In the trial, patients received bevacizumab 7.5 mg/kg or placebo followed by cisplatin and capecitabine every 3 weeks. Median OS was 12.1 vs. 10.1 months (p=0.1002) in the bevacizumab plus fluoropyrimidine-cisplatin group vs. the placebo plus fluoropyrimidine-cisplatin group. Both median PFS (6.7 vs. 5.3 months; p=0.0037) and ORR (46.0 vs. 37.4%; p= 0.0315) were significantly improved in the bevacizumab group compared with the placebo group.
Van Cutsem et al evaluated the prognostic biomarkers in the AVAGAST trial (23) . The baseline plasma VEGF-A levels and tumor neuropilin-1 expression were found to be potential predictors of bevacizumab efficacy. Higher baseline plasma VEGF-A levels or lower baseline expression of neuropilin-1 was associated with an improved trend of OS. For both biomarkers, subgroup analyses demonstrated significance only in patients from non-Asian regions. Recently, Shen et al conducted a randomized, double-blind, phase III study (AVATAR study) to evaluate the efficacy of bevacizumab plus capecitabine and cisplatin in Chinese patients with inoperable locally advanced or metastatic gastric or GEJ cancer (24) ; 202 patients were included (102 to placebo; 100 to bevacizumab group). The results did not show a difference in OS or PFS for the bevacizumab arm compared with the placebo arm. Bevacizumab plus capecitabine-cisplatin was well tolerated. Grade 3-5 adverse events (AEs) of special interest with bevacizumab occurred in 8% of the bevacizumab-treated patients and 15% of placebo-treated patients, mainly grade 3-5 hemorrhage (bevacizumab 4%, placebo 12%).
Ramucirumab. Ramucirumab is a novel human IgG1 mAb that selectively targets the extracellular domain of VEGF receptor 2 (VEGFR2) and blocks the VEGFR2-related downstream signaling activation. A phase I trial of ramucirumab reported that the maximum tolerated dose was 13 mg/kg, and 60% of patients developed grade 3 or higher toxicity with fatigue, nausea/vomiting, proteinuria and hypertension (25) .
The REGARD trial was an international, placebocontrolled, double-blind trial (NCT00917384) that evaluated the efficacy and safety of ramucirumab monotherapy in patients with metastatic gastric or GEJ cancer following standard first-line treatment with platinum or fluoropyrimidine-based therapy. A total of 355 patients were randomized (2:1) to 8 mg/kg or placebo every 2 weeks in combination with best supportive care. The trial met its primary endpoint, OS. Ramucirumab demonstrated an improved OS (HR=0.78; p=0.047), with a median OS of 5.2 vs. 3.8 months in the ramucirumab vs. the placebo group. Six-and 12-month survival rates were 42 vs. 32%, and 18 vs. 11%, respectively, in the ramucirumab vs. placebo arms. PFS was also significantly prolonged (HR=0.48), with median PFS from 1.3 to 2.1 months with ramucirumab, as well as 12-week PFS (40 vs. 16%) (26) . Unlike the AVAGAST study, the REGARD study chose patients who failed first-line therapy and involved more non-Asian patients. As we know in AVAGAST, Asian patients benefitted little. The success of the study may have been attributed to its design.
Based on the activity of taxanes in second-line gastric cancer, the RAINBOW phase III trial was conducted at 170 centers in 27 countries (27) . The trial evaluated paclitaxel with or without ramucirumab for patients with metastatic refractory gastric cancer (NCT01170663). The primary endpoint was OS. A total of 665 patients (330 to ramucirumab plus paclitaxel; 335 to placebo plus paclitaxel) were enrolled. Median OS was significantly longer in the ramucirumab plus paclitaxel group than in the placebo plus paclitaxel group (9.6 vs. 7.4 months, HR=0.807; 95% CI, 0.678-0.962; p=0.017). Grade 3 or higher AEs that occurred in >5% of patients in the ramucirumab plus paclitaxel group vs. the placebo plus paclitaxel included higher neutropenia (41 vs. 19%), leucopenia (17 vs. 7%), hypertension (14 vs. 2%) and fatigue (12 vs. 5%). Based on the above results, the combination of ramucirumab with paclitaxel significantly increased OS compared with placebo plus paclitaxel, and could be regarded as a new standard second-line treatment for patients with advanced gastric cancer.
In the 2014 ASCO meeting, an oral presentation was made on a randomized, double-blind, multicenter phase II study of ramucirumab plus FOLFOX as front-line therapy (Rx) for advanced gastric or esophageal adenocarcinoma (GE-AC). The primary endpoint was PFS, which was 6.44 months in the ramucirumab plus FOLFOX group vs. 6.74 months in the placebo plus FOLFOX group (HR=0.98; 95% CI, 0.69-1.37); OS in the RAM plus FOLFOX group was 11.7 vs. 11.5 months in the placebo plus FOLFOX group (HR=1.08; 95% CI, 0.73-1.58). The trial indicated that the addition of ramucirumab to FOLFOX did not improve PFS in first-line therapy for advanced gastric or esophageal adenocarcinoma (28) . Hence, ramucirumab is used as a second-line treatment.
Tyrosine kinase inhibitors
Molecularly targeted therapies with tyrosine kinase inhibitors (TKIs) are designed to disrupt signaling pathways responsible for the abnormal proliferation of cancer cells. Progress in the development of molecularly targeted agents for TKIs has expanded the treatment options for patients with several types of cancers, such as lung cancer (29, 30) , renal cell (31) and hepatocellular carcinoma (32, 33) .
Sorafenib. Sorafenib is a multitarget inhibitor of BRAF, VEGF, PDGFR and the Ras/Raf/MERK/ERK pathway. A phase II study evaluated the efficacy and toxicity of the combination of sorafenib and oxaliplatin as second-line therapy. A total of 40 patients were included. Complete response (CR) was 2.5% and stable disease (SD) was 47.2%. Grade 3-4 toxic effects were neutropenia (9.8%), thrombocytopenia (7.3%), neurotoxicity (4.9%) and diarrhea (4.9%). Median PFS and OS were 3 and 6.5 months in overall patients. Median OS was 9.7 months when time-to-progression (TTP) during first-line chemotherapy was >6 and 5.6 months when it was <6 months (p= 0.04). TTP in the first-line therapy was found to be a prognostic factor (34) .
Docetaxel and cisplatin are both active in gastric cancer. ECOG 5203: phase II study evaluated the efficacy and toxicity of the combination of sorafenib with docetaxel and cisplatin in the first-line treatment of 44 metastatic or advanced gastric and GEJ adenocarcinoma patients (35) . The primary endpoint was RR for the combination. Toxicity, OS and PFS were assessed as secondary endpoints. The PR rate was 41% (90% CI, 28-54). The median PFS was 5.8 months (90% CI, 5.4-7.4 months). The median OS was 13.6 months (90% CI, 8.6-16.1 months). The major toxicity was neutropenia; 64% of the patients presented with grade 3-4 neutropenia. One patient experienced hemorrhage at the tumor site. Although the combination of sorafenib, docetaxel and cisplatin has an encouraging efficacy profile with tolerable toxicity, large scale studies of sorafenib with chemotherapy are needed in gastric cancer.
Another phase I-II study of sorafenib in combination with capecitabine and cisplatin (XP) in advanced gastric cancer patients was conducted in the Asian Medical Center (NCT00565370). The study has been completed, but results are not published.
The efficacy and tolerability of sorafenib as second-line treatment in patients with advanced or metastatic gastric cancer who failed from first-line chemotherapy of ECF regimen were studied. The study has been terminated due to low RR, no evidence of PFS or OS improvement (NCT00595985).
Sunitinib. Sunitinib has been found to suppress PDGFR, kit, rearranged during transfection (RET), Flt-3 and VEGFR. A phase II, open-label, multicenter study assessed the efficacy and toxicity of sunitinib as a second-line treatment for patients with advanced gastric or GEJ adenocarcinoma (36) . Seventy-eight patients received sunitinib 50 mg/day on a schedule 4/2 (4 weeks on treatment, followed by 2 weeks off treatment). The trial did not meet the primary endpoint ORR. The rate of partial response (PR) was 2.6% (2/78), and the best response of SD for ≥6 weeks was 32.1% (25/78). Median PFS and OS were 2.3 months (95% CI, 1.6-2.6 months) and 6.8 months (95% CI, 4.4-9.6 months). Patients (34.6 and 29.4%) presented with grade ≥3 thrombocytopenia and neutropenia, respectively. The most common non-hematologic AEs were fatigue, anorexia, nausea, diarrhea and stomatitis. The present study suggested that single-agent sunitinib has insufficient clinical value as secondline treatment for advanced gastric cancer.
Further studies were conducted to research the role of sunitinib in combination with chemotherapy for gastric cancer. Firstly, a phase I, dose-finding study evaluated the maximum tolerated dose (MTD), safety, pharmacokinetics and antitumor activity of sunitinib plus S-1/cisplatin in Japanese patients with advanced/metastatic gastric cancer (37) . The MTD of sunitinib was 25 mg/day on schedule 2/2 combined with cisplatin/S-1. The most frequently reported G3/4 AEs were neutropenia (93.8%) and leukopenia (75.0%). The ORR was 37.5%; median PFS was 12.5 months. Six additional patients experienced no disease progression for ≥24 weeks. Another phase I study of sunitinib plus capecitabine/cisplatin or capecitabine/oxaliplatin in advanced gastric cancer also confirmed the same MTD and similar common AEs (38) .
A phase I study of sunitinib with irinotecan, 5-fluorouracil and leucovorin (FOLFIRI) for advanced gastroesophageal cancers was conducted in Roswell Park Cancer Institute to study the side-effects and best dose of sunitinib when administered along with FOLFIRI in treating patients with advanced stomach cancer or gastroesophageal cancer (NCT00524186). The study is ongoing, but not recruiting participants.
A randomized phase II trial of sunitinib and docetaxel in 116 advanced gastric cancer or GEJ adenocarcinoma patients (stage IV disease not amenable to surgery, radiation or combined modality therapy with curative intent) who had prior chemotherapy with fluoropyrimidine and platinum, has been completed in Samsung Medical Center, Korea (NCT01238055). The primary endpoint was TTP, and the secondary endpoints were RR, OS and PFS. Results of the trial are expected.
Apatinib. Apatinib is a small-molecule TKI targeting VEGFR-2. A randomized, placebo-controlled, parallel-arm, phase II trial evaluated apatinib for chemotherapy-refractory advanced metastatic gastric cancer (39) . A total of 144 patients who experienced treatment failure with at least two chemotherapeutic regimens were randomly assigned to receive placebo, apatinib 850 mg once daily, or apatinib 425 mg twice daily. There were statistically significant differences between the apatinib and placebo groups for both PFS (p<0.001) and OS (p<0.001 and p=0.0017). Nine patients had PR. The most common grade 3-4 AEs were hand-foot syndrome and hypertension. Hence, apatinib showed improved PFS and OS in heavily pretreated patients with metastatic gastric cancer who had experienced treatment failure with two or more chemotherapy regimens.
Results from a multicenter, randomized, double-blind, placebo-controlled phase III trial of apatinib was reported in 2014 at the ASCO meeting (40) . Median OS and median PFS were prolonged in the apatinib group compared with the placebo group (195 vs. 140 days, HR=0.71; 95% CI, 0.54-0.94; p<0.016) and (78 vs. 53 days, HR=0.44; 95% CI, 0.33-0.61; p<0.0001) respectively. The ORR of the apatinib and placebo groups were 2.84 and 0.00%, respectively. Concerning safety, treatment of the apatinib group was generally well tolerated. Grade 3/4 adverse reactions that occurred in >2% of patients were hypertension, hand-and-foot syndrome, proteinuria, fatigue, anorexia and elevated aminotransferase. Thus, the efficacy and safety of apatinib in patients with advanced gastric cancer were then further confirmed. The recommended dose for clinical use is 850 mg once daily.
Lapatinib. Lapatinib is a receptor tyrosine kinase inhibitor that inhibits both HER-2 and EGFR. TyTAN was a randomized, phase III study that enrolled 261 HER2-positive patients detected by fluorescence in situ hybridization (FISH). The patients received lapatinib plus paclitaxel or paclitaxel alone. Median OS was 11.0 vs. 8.9 months in the lapatinib plus paclitaxel group vs. the paclitaxel alone group (p=0.1044), with no significant difference in median PFS (5.4 vs. 4.4 months) or TTP (5.5 vs. 4.4 months). ORR was higher in the lapatinib plus paclitaxel group compared with the paclitaxel alone group (odds ratio [OR], 3.85; p<0.001). The subgroup analysis showed that patients with HER2 amplification in IHC3+ had a better efficacy, in the treatment group, compared with IHC0/1+ and 2+ patients, and a better efficacy was found in Chinese patients compared with Japanese patients (41) . However, in another study when the investigator chose patients with HER2 amplification, the lapatinib group did not show effectiveness (42).
mTOR inhibitors
Phosphatidylinositol 3-kinase (PI3K)/Akt and mammalian target of rapamycin (mTOR) are activated in 30 and 60% of human gastric carcinomas, respectively (43, 44) . Activation of the PI3K/Akt/mTOR pathway is associated with chemoresistance (43) and worse survival (45) (46) (47) . These findings suggest that the PI3K/Akt/mTOR pathway is frequently activated in gastric cancer and is directly linked to its progression. Hence, drugs targeting mTOR may improve patient survival.
Everolimus. Everolimus is an oral mTOR inhibitor that binds with high affinity to its intracellular receptor FKBP12 (48) . Everolimus has demonstrated antitumor activity in many types of cancers. RAD001, a phase I trial, showed that the combination of capecitabine and everolimus showed tolerable toxicity and modest clinical benefits in refractory gastric cancer patients. The recommended dose of everolimus is 5 mg twice daily (49) .
A multicenter phase II study of everolimus in patients with previously treated metastatic gastric cancer enrolled 53 patients. Although neither CR nor PR was obtained, 45% of the patients showed a decrease in tumor size from baseline. The DCR was 56.0% (95% CI, 41.3-70.0%), median PFS and median OS were 2.7 months (95% CI, 1.6-3.0 months) and 10.1 months (95% CI, 6.5-12.1 months), respectively. Common grade 3 or 4 AEs included anemia, hyponatremia, increased glutamyltransferase and lymphopenia. Hence, everolimus monotherapy resulted in a satisfactory DCR in patients with previously treated advanced gastric cancer (50) .
Results of the randomized, double-blinded, phase III GRANITE-1 study showed that median OS and PFS with everolimus vs. placebo were 5.4 vs. 4.3 months (p=0.124); 1.7 vs. 1.4 months (HR=0.66; 95% CI, 0.56-0.78), respectively. Common grade 3/4 AEs included anemia, decreased appetite and fatigue. Thus, compared with best supportive care (BSC), everolimus did not significantly improve OS for advanced gastric cancer that progressed after one or two lines of previous systemic chemotherapy (51).
Anti-MET pathway
The MET receptor tyrosine kinase is a proto-oncogene that regulates cell growth, survival and migration (52, 53) . When hepatocyte growth factor (HGF) binds to MET, it leads to dimerization of MET and phosphorylation of tyrosine residues in the kinase domain (Y1230, Y1234 and Y1235), which leads to stimulation of a series of downstream bioactive molecules, and stimulation of cell proliferation, survival and migration (53) . Dysregulation of the HGF/MET pathway promotes tumor growth and metastasis.
In gastric cancer, research has found that high expression of c-MET is associated to a greater degree with intestinal than diffuse tumor type (p=0.04), deeper tumor invasion, neural invasion (p=0.002) and advanced TNM staging (54). Ha et al found that patients with MET overexpression were associated with shorter OS and DFS compared with patients without MET overexpression (55) . There was a significant difference in OS between c-MET-positive and c-MET-negative patients (median, 11.9 vs. 14.2 months). Multivariate analysis also showed that c-MET positivity was still a prognostic factor for OS (HR=1.30; 95% CI, 1.02-1.67; p=0.037) (56) . Thus, patients may benefit from therapeutic targeting of the c-MET pathway.
Rilotumumab. Rilotumumab (AMG102) is a fully human monoclonal antibody immunoglobulin G, type 2 (IgG2) against human hepatocyte growth factor/scatter factor (HGF/SF) that blocks the binding of HGF/SF to its receptor MET, inhibiting HGF/SF/MET-driven activities in cells. Efficacy of the rilotumumab in first-line therapy was evaluated in a phase II trial (57); 121 patients were randomly assigned to an ECX combined with rilotumumab group or a placebo group (40 to rilotumumab 15 mg/kg; 42 to rilotumumab 7.5 mg/kg; 39 to placebo). Median PFS was 5.1 months (95% CI, 2.9-7.0), 6.8 months (4.5-7.5), 5.7 months (4.5-7.0) and 4.2 months (2.9-4.9) in the rilotumumab 15 mg/kg group, rilotumumab 7.5 mg/ kg group, both rilotumumab groups combined, the placebo group, respectively. Hazards ratio analysis of PFS showed an improved prognosis of rilotumumab. Thus, rilotumumab plus ECX showed greater activity than the placebo plus ECX group.
A multicenter, open-label, randomized phase II trial Met or EGFR Inhibition in Gastroesophageal Adenocarcinoma (MEGA) is ongoing in 30 centres in France: FOLFOX alone or in combination with AMG 102 or panitumumab as firstline treatment in patients with advanced gastroesophageal adenocarcinoma (NCT01443065). Patients (162) with no HER2 expression were enrolled. The primary endpoint was PFS at 4 months. Secondary endpoints were PFS, OS, TTP, ORR, objective response duration, DCR and tolerance of the treatment. The trial divided three arms: Arm A, simplified FOLFOX 4; experimental Arm B, simplified FOLFOX 4 + panitumumab; experimental Arm C, simplified FOLFOX 4 + AMG 102. The results are expected.
RILOMET-2: a phase III, multicenter, randomized, doubleblind, placebo controlled study of rilotumumab (AMG 102) with cisplatin and capecitabine (CX) as first-line therapy in untreated advanced mesenchymal epithelial transition factor (MET)-positive gastric cancer or GEJ has been conducted (NCT02137343). Tumor MET-positivity was measured by IHC. Primary outcome measures include PFS and OS. Secondary endpoints were TTP, ORR, DCR, time to response (TTR) and incidence of subject adverse events. The present study has been terminated following a pre-planned data monitoring committee safety review of study 20070622.
Onartuzumab. Onartuzumab is a humanized monoclonal antibody directed against MET. An oral presentation of a randomized phase II study of FOLFOX +/-MET inhibitor, onartuzumab in advanced gastroesophageal adenocarcinoma (GEC) was conducted at the 2015 American Society of Clinical Oncology Gastrointestinal Cancer Symposium (ASCO GI). The study showed that no difference was found in either the median PFS in total patients or the median PFS in patients with MET + ; the median PFS in overall was 6.77 vs. 6.97 months in the onartuzumab group vs. placebo group (HR=1.06; 95% CI, 0.71-1.63; p=0.7149); median PFS in patients with MET + was 5.95 vs. 6.8 months in the onartuzumab vs. placebo arms (HR=1.38; 95% CI, 0.60-3.20; p=0.4514). Hence, onartuzumab did not improve PFS for advanced gastric cancer (58) .
A randomized, phase III multicenter, double-blind, placebocontrolled study of onartuzumab (MetMAb) in combination with mFOLFOX6 in patients with metastatic HER2-negative and MET-positive gastroesophageal cancer (MetGastric) is ongoing, but not recruiting participants (NCT01662869). The study will evaluate the efficacy and safety of onartuzumab (MetMAb) in combination with mFOLFOX6 in patients with metastatic HER2-negative and MET-positive adenocarcinoma of the stomach or GEJ. Patients (564) will be randomized in a 1:1 ratio to receive either onartuzumab (MetMAb) or placebo in combination with mFOLFOX6. The primary endpoints are OS in the MET IHC 2+/3+ patient subgroup and OS in the intent-to-treat population, Secondary endpoints are PFS, ORR, safety and quality of life. The results are expected. Table I summarizes the phase III clinical trials. Fig. 1 shows the agents that act on the various targets discussed.
Other target agents and future directions
A randomized, double-blinded, multicenter phase II study assessing the efficacy of olaparib (AZD2281, KU-0059436), an orally active poly(ADP-ribose polymerase inhibitor), in combination with paclitaxel vs. paclitaxel alone in patients with recurrent or metastatic gastric cancer and assessing whether low ataxia telangiectasia mutated (ATM) expression, a key activator of DNA damage response, is predictive of improved clinical outcome for olaparib/paclitaxel has been completed (NCT01063517) (59) . In the present study, 123 patients received treatment (61 in the olaparib/paclitaxel arms; 62 in placebo/paclitaxel arms). The results showed that olaparib/paclitaxel did not lead to a significant improvement in PFS compared with placebo/paclitaxel; the median PFS was 3.91 vs. 3.55 months (HR=0.80) in the overall population; the median PFS was 5.29 vs. 3.68 months (HR=0.74) in the ATM low population. However, olaparib/paclitaxel significantly improved OS compared with placebo/paclitaxel in both the overall population (HR=0.56; 80% CI, 0.41-0.75; p=0.005; median OS, 13.1 vs. 8.3 months, respectively) and the ATM low population (HR=0.35; 80% CI, 0.22-0.56; p=0.002; median OS, not reached vs. 8.2 months, respectively). Olaparib/paclitaxel was generally well tolerated, with no unexpected safety findings. A randomized, double-blinded, placebo controlled, multicenter phase III study is underway (NCT01924533). The study is to assess the efficacy and safety of olaparib in combination with paclitaxel, compared to placebo in combination with paclitaxel, in Asian patients with advanced gastric cancer (including GEJ) in second-line therapy. Patients (500) will be enrolled.
Pyrotinib is an oral tyrosine kinase inhibitor targeting both EGFR and HER-2 receptors. A phase I study of pyrotinib has been designed to evaluate the safety and tolerability of pyrotinib or pyrotinib in combination with docetaxel in patients with HER2-positive advanced gastric cancer. The study is still recruiting (NCT02378389).
A randomized, open-label, multi-center phase II study to compare AUY922, an HSP90 inhibitor, with docetaxel or irinotecan in adult patients with advanced gastric cancer who have progressed after first-line of chemotherapy has been completed (NCT01084330) and results are expected.
Pertuzumab, an anti-HER2 humanized monoclonal antibody that inhibits receptor dimerization, has a mechanism of action that is complementary to that of trastuzumab (60) , and combination therapy with the two antibodies has shown promising activity in phase III studies involving patients with HER2-positive breast cancer. A well known phase III clinical trial is the CLEOPATRA study. Compared with the control group (placebo plus trastuzumab plus docetaxel), there was an improvement of 6.1 months of the median PFS in the pertuzumab plus trastuzumab plus docetaxel group (18.5 vs. 12.4 months) (61) , and an improvement of 15.7 months of median OS in the pertuzumab plus trastuzumab plus docetaxel group (56.5 vs. 40.8 months) and with long-term cardiac safety maintained (62) . The successful treatment modalities of the double targeting of HER-2 in HER-2-positive breast cancer suggests that patients with HER-2-positive gastric cancer could also benefit from pertuzumab plus trastuzumab plus chemotherapy. In addition, a phase IIa study of the pharmacokinetics and safety of pertuzumab plus trastuzumab and chemotherapy in advanced gastric cancer has been conducted (63) . In addition, based on the pharmacokinetic and safety data, the 840 mg q3w pertuzumab dose has been selected for a phase III study of pertuzumab, trastuzumab and chemotherapy in HER2-positive adenocarcinoma of gastric cancer (NCT01774786).
Conclusions
In the past few years, although great efforts have been made to improve the survival of patients with gastric cancer through targeted therapy, fewer benefits have been brought to gastric cancer patients than other cancers. Combination of trastuzumab and chemotherapy is now considered as a standard first-line treatment for patients with HER2-overexpressing advanced gastric cancer, and ramucirumab could be considered as a standard second-line treatment. Based on clinical trial data, apatinib may be considered as a preferable treatment for advanced gastric cancer patients who failed from at least two chemotherapeutic regimens. There is still lack of phase III clinical trials in gastric cancer patients who may benefit from TKI agents. Agents targeting human EGFR remain very controversial in gastric cancer therapy. The key reason is that participants in the clinical trials of new targeted agents were not selected by detection of the targeted molecule. Although everolimus monotherapy resulted in a satisfactory DCR in a phase II clinical trial, the phase III GRANITE-1 study showed negative results in terms of patient benefit from the treatment with everolimus compared with a placebo. Results of the treatment modalities of the double targeting of HER-2, that is pertuzumab plus trastuzumab plus chemotherapy are expected. Given that obvious heterogeneity exists in gastric cancer patients, targeted therapy must be individualized, thus deeper insight into the molecular characteristics of gastric cancer is urgently needed.
